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(57)Abstract: , 

PROBLEM TO BE SOLVED: To provide an apparatus and a 
method, for the inspection of a bonding operation, in which 
the inspection accuracy of a three-dimensional shape 
including the height direction can be enhanced in the X-ray 
inspection of the electrode joint part of a mounted 
electronic component. 

SOLUTION: An X-ray generator 11 1, an X-ray scintillator 
1 15, an imaging device 120 and a control device 121 are 
provided. First calibration information which indicates a 
relationship between the thickness of a joint part obtained 
by using an instruction jig 1 25 and the brightness of a 
radioscopy image is stored in the control device in advance. 
Regarding the radioscopy image of a mounted part supplied 
from the imaging device, thickness information in the joint 
part inside the mounted part is generated by using the first 
calibration information. Thereby, the inspection accuracy of 
a three-dimensional shape including the height direction in 
the joint part can be enhanced. 
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GO IN 23/04 

GO IB 15/02 

G 0 1 N 23/18 

H 0 5 K 3/00 




(2) 

1 

m&* i ] (io4) omsmws t ±e 
•^HSfij^wisnsftaaii* d 03) ©«£«mij 

(i 1 1) fc, 

y^U-* (115) i:, 

s±E*^#©xii«aH«*a***«i&« ( i 
20) io 

(121) i:, mz.rcntmwittz>m 

imm 2 ] ±kss i «Eiwaa:, ±E9ftMtff t 
mmmmm® t eissusm t n wsk t* 
9«a»oimsjstfc'' % T±Ex»©aii^iflitc}ftofcw 

f£*i£H (12 5) fcffl^TffSft, ±i5X$8£8§> 

wmsm^&r^Ttmkm&m xm.& lt, 
lESWs&stfcw-s x«ania«KDW5*4*»» » 

[fit*«3] ±EX«B£{gtt, ±ES^»»*$* 
±EH*swi> ±EsaK»#©x«88W»£*arr 

5Htiag|5 (1 1 7 3) **U 

±E»J»SBtt, ±85X»58«H«0*aKI^K:fe^ 

T±Exis8fiH«rt©a*»iP33^»#©wsstfefe 
©«n*frt>#*, mm 1 xa 2E^©s&fc«& 

Bo 

[«**4] ±Bx«aftii«rto«fcw*^»» 

#T*£2k ft*J|i3Efc©8&&i£ifo 40 
[MRWl 5 ] lEffiipgWi, ±E8 l ttiEfll Sfctt 

*tx«±eis 1 «Eit «k tt, «BystK*«-* 

t , lEMJSjSfc felt £ X HftSSPHft ©H8 5 S tftt 
Wffl S Kit 5 S T-Cgf £HI*&9II$M t ©M$ 
**Lfc»2tffifll«%«*AU ±E»«*IKP&ttt& 

&tBffl H 5 2 EPJl-f 5 £ TOBf IH*7CK ±ES 2 RE 
*« l £*©»£**«■. 

a»**6] ±emwsw*, s&jc, ±Ettau* so 
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Kti. §1*9 1 *^ b 5 O^f ftfrfciaB©«£tt4 

nuti 7 ] m<D±.Bmm<o-x ©s^g** 

ti5±IStt?g|5B n Qi:ffi*©ffifcg«tni»±IBtt?gl5 B n n 
BH& ±E-#©iBK«*3tifc**Wfl©±ES£ 

»#©» i e ^etMffitcTM*?)^ 

T«?$D n ptf£E9£ txfc t C 3©±Eft£S#KOl>T 
IfifE^g LT±Effi73©BBESS*n/c:m? g|5n D p©± 

[f»*9 8 ] l&xm&m* ±ESS l RiElf 
f#5 fcA6fc X»*K4 L/c t f n-OJBI**ftfcT± 
E8£a&W!>X»©!!BI**fT5, 11*9 1 fcl^L7© 
i/>1*tx^K:E«©«^SSlo 

[»*« 9 ] *?3$p a p (10 4) Qffifi WIS £ ±E 

n^&mmn^mm (103) ©»s«#ffl 
±ES^ap»*2a t rc x n« "ittift LTisoiti 

ffitW 1 t&IEtiNa&JS^T, ±E»-&»»©x«SffiH 

sx»aaH«rtc*v^T±E»^»»i:*nw^©9J 

mm l 1] ±ESl«iEfll*Cft*TXH:±ES 
1 ttJEIWBkttK* ±E»JS 

®#iaBtPI ©M^^ t fcM 2 RiEIR 

ZKfmt % s T©«mn47cK±Ea 2 kieu 

ISEl^>T±E&4@f^:!3tt5J?2^f8££l£-f 
5, »*W9E«©«^«aE*ffi. 

[H*a 1 2 1 ±ESi5p a p®]tt*i t ±E«««i*iwia 

E*^»»©»?1WH t *lk^T±E«^»»© AS* 
WW**, 11**9*1/^1 1 ©^f ti*»KE«©»^ 

[BsWl 3] fi«©±E»*«ft©-*©iB»c8» 

$n§±ES?gp n D pfcffi73©BEgt$n^±ES?sp 
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[00 0 1] 

BGA (#-;l/^U7h'7W) , CSP iff-v 

5, xmm^msmmmmimtz, 20 

[000 2] 

«£BfcLm $ D D D ||g&<D[I]S8gl£(c Xylite 
!K*tt-5£3K:EBLfcXtt«£88i:, S^EISSl«?r 

«&tfBBS«±©*?*fl*»«LfcX**H«Kg 
$LT\ ill^SK XttB1tBKSBfcJ:*i 

ffilWtl, BWHOS/h-K ^Ba*oft^*toi^JS 

[0 0 0 3] X, KH9XJMtt«*HV^&Htt# 
SiUtt, gPB a n^t©[HlgS«icXii^i6^5),l 

aUfcX»*ttfflt6X«*tB»^*, *ti^ti±K@ 
B«Ei:¥fift¥iiU:-CSv^lcWJIILTHK**, ±E 

•whwjkioet** xsi7 5. / 9v 1 j - tminz 40 

[000 4] 

x&t), «?«B«ft«r*ia»»RK»bTfe/j^s!, 

SiSlcBff *6t* •& c i: K J; *) *v X&m 
fcUcBGA (tf-^D-y K7W) ^ ^n££e> 

LfcCSP &"9-f7> J lr-M'y*- i?) %.£0)/\>y>r 50 
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[0005] tczx\ mgfoi^vn^&vm 

tc5^ ±k!j© BGA, CSP^, y*)Vff- 

?$S§# lift «n£fctf$3: Tffl^itT 6 n^ttOMEtt 
MK&oXmXftflZtlXiS*), mft&<D3bZ®1& 

[0 0 0 6] LfrU «<D8ffiT<fi, ^$®m<D«M 
* XBIMtafefrfc J: 0 X«»iR«»^S*« fc«>, #K 

Lxzmmmz&<om%mi<m\i£$z>^ m 
mmmtic* «a£»*»o?i^as»-eH:±Exi6 

[0 0 0 7] ?5>K X XOTMiOl^JtSCJ:*!!?/ 

^ x*xmA<D±ziz wm&mmwxw® 
wmwtzzrctbs mmmmtPZitL, mm 
mmmx-sboko x, ±Ea«sx»«iiKj:5Pi 

mz^xwzrztb. mnmmmmmmxw. 
it tbic * $ nfc fe ©t% n/cm?pi5 n D D ©iiii^ 



5 

[00 0 8] 

UcX*S£^ffitt£g&t3XiSS/y?U-*k, ±13 
E»fc«^X«aaBBftB» - r*«BliBi:, ±te 

B^#©»*fcx«a8H«©ws* io 
si u ±mmmmt^mtn 

[0 0 0 9] ±ES l KIEIMItt, ±ilBgf5p a pffiiJMt± 
fift©W£/Sfcfcvvt±EXfi©SB£ifcfc»?fcJf* 

RtflSBSfflfcffl^T, ±E$gtftRtftt ; filfl 20 

a&Kfu t±k»*}6*% xmmm lt, ±e#msj& 

£©/P* k£$S S k ©H«fc*-3^T±ES*»#© 

[0 0 l 0] ±EWSfitt> ±EJ6 1 tBEUHBfcftt 
TXtt±K» l ®IE11ilBk kfcfc, Sffl&afcfcttSJ* 
#k, ±EW&Sfc*5tt* x»affiH«©W5* tfttW 

jpj? 5 s k if & $ -p tg-r 5 hbsbbih k ©ia&£ 

nrc±ES«a5»rto«aEiam»c fe*t s s # ±e# 
uuiBssicMBrt * -post ra*7cK±iBs 2«jEw 
«fcs^^T±EttaHBfo* mm? z c k t 

[0 0 1 1] X, *»BSO»2ttaW)»^«aE»W4, 
lEBiBBOBaBBSafc*"^ ±EX«58£B 
14, ±Efc^a*£*±E«»«#±fc±E« ; ?»fl 
#B«Sftfc»«»#KX«*!!B»U IGOttSB 

«, ±E»««»ox«8aii«*»at5H«*«» 

ffiU UEMBSB& ±EXMj8fflH&©BBB% 40 

«tfa6fc»at**^±BJ«Miii»c#bT±Bxa[ 
samno«R*fTb«« <t ^ »cB#r * c k fpt 

[0 0 1 2] X, *««©»3 8S©SSttS«Btt, 
±EB l WttS 2 Mltoft64fttlMlfc*i''T, « 
tt©±E$SS<*©-£©ffiKS92 n3±E*?$n a p 
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n/c^n€no±Eii?app a p{cfcit5±ES»gp»©± 
E»*im*4j«T*k*» iieMwiii ±e-# 
©b^sb* nfcB?»fl©±E»£»#©s 1 bs« 

SftfckC3©±E8^#fco^TB2*;*B»£* 
KS2W*1»«^6±E«lW«1»ffl%SWUT± 
Effi£©Bfc»B*ftfcB^fi©±E»£»#©** 
tWB*#A« J: ^ C k fe T*t 5o 

[0 0 1 3] X, *«Wo*4««o«*«aE#i6tt, 

s?gi5 D a p©gpB a p(i*®k±E«?ai5p c p^s*^n5isg 

«ft©$gS#{!*® k ©»fc»#fc X «*SSB U ± 
CT**±E»d(»»OX«8aHil«W»U ±E» 

*»#©*# t xmmm®m<ow %zt ©m«**t b 

fttSk**o 

[00 14] 

SB, &tfBft£tt*SBfcT£fT£fta»£l*S£i£ 

5 0 ±E rBH*»fttsfci&©mi we«t* 

r®SE»ttJ ©«B*Sfc*Hffll:LT**«BB»T*fi 

B?»ft 1 0 4 tf&tsnsBBSffi 1 0 3 zmicm 
tfctucRSsn* «>©■?»*<, #J*&\ *?»fli 

t4*?apft 1 0 A*wi?%u&m*%teWJk-Q&z>o 
x, ±12 rf$®£f$?$-f 3ftA6©mi KE«r« r« 

^flj kLTte, ±3bfcJ:3fcBB§fit2:ttBBlc 

«^sm^^ft<to*«?g|5p a p J f > , /w^-^ksn 

TV>&l>±I27 'J 7 7°£S£ft5^7^y 7©<fc 

S 1 Si>*S2*fismitcEict ; i> r«^gp D a p 1 0 4 J k 
LT, ±EBG A, CSP> 7U7 7°^7 7ll©gffl^ 

[0 0 1 5] g 1 ^SS^l ; 0 1 KStJ:5K, **SS 
^«©«i*^«aE«l 1 0 1 14, *9JUTX«3i4ffl 
111k, Xll'>Vf-U-* 115k, aftSB 1 2 0 
k, MIHEBl 2 l k^lx^o X, ±E»#SMl 2 
0(i, tity 1 1 7, RXSmt? 1 1 7tfaHHf5ffl 

So ±exMm£ii 1 1 1«, *?a5p°p 1 o 4©s®tc 
ffM^nftgPp D n ii*Sk, isttmsi 0 4*^»«n 

SlUKSfil 0 3{c^?n/c»S9MWffik©^ 
tcj; OBRttK l 0 3±(c«?gp B a p l o 4 imtttifc 

?mm\ 5 1 icmMts xm 1 5 2«g£-f5. 

T'Xffi©Bgit^#ktT«, ft5 0kV*«6200 kV 
8B©BE%ffll/\ **«*BTtt, 90 kV, 0. 5 

mAftffiffltTi/^. x, mmmi 5 1^XH«: 



(5) 
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mtituQitBumikfttt* mv>mfe%\ 2 5 

-<0&ftT*£3o N, ^USS^filfti, Xftl 5 2tt± 
E8f»fl-l 5 1 ©fBBKHBIifSftStf , 

jjbb abbs t ±E£st #bbb t ©&&ai5#©$E 
mcHit«nntffiir\ ±bx»3/^u-* 1 1 5 

«, ±fB2£«$#l 5 1t«ll/ftXlt, KX«OX 

ttafitikWLfcjtta*fr5ni*a3tK:i£*-r*. c© 

fct, x&i 52a, j8jflbfc'>fc< fc&-o©!ftK© 
B*i, B»Sfcfctt3X»BiR«»WSi;TB§Sti 10 
5©T\ @KSfil 0 3RXfm?®& 1 0 4©±ESB 
8MM l 5KSttS&S#©x»BSBKJ6UfcX«a 
l!IWX8i'^W* l l 5KRUHS*i5. <fco 
TXfiS'Vf-U-*! 1 5tt, ±EX«8aii«K#*S 

[0 0 16] X»'»f-U-*1 1 5^656bfc±ERr 
ffiftU:, 55-1 1 6»CTE»S-£T*;<51 1 7KX 
MZitZo CO<fc5C57-l 1 6*Rtt5©S, X® 
OBffiW5H^K*^7 1 1 7*BBLXB©BBlcfc* 

1 eoW-^ItfiftfttftSo A^7l 20 

1 7ETlt«Sftfc±EtttW#l 5 lOBBtt, B§! 

1 1 8 fcTMMaasft*. «?spsi 1040 

±E8WMIIIB«fc* mssstsi 0 3©±Eft«B#BB 
SkOjS*»»K:tt, HftWKXttOBJRtttfBi/^ 

wmcmtzm^m>tmmmtzztT\ ±e 
±E»»S# 1 5 i rt"?o±E«^au»o 

BB& HfflBBl 2 lRtf^lO-iilt©* 30 

x*rut:i 1 9icmmn% 0 

[0 0 17] ffiBBB 1 2 1 ti, ±gxbs£» 1 1 
1 , A^7l 1 7, Rtfflft&9&Bl 1 

si 2 2 tit, ±e«^»#oj?*i:x«8jsma*oi 

*S fc©HB***B l «IE1«ffi*8ttU Bft£fl 1 

2 0©l#fflSgKl 1 8fr5{R*&Sftfc±ES*»# 

©xbsbbbko^tieb i miEmm^xm 
mi 5 1 rt©±raMrtMMc*tt**«iwi*fe* , r 

5. *&fc» JJEEBBBl 2 2Efi, ±m$m£ 40 

S&p D pl¥21i$8tfteilfi2ftT^ 0 H6~H8Ktt, ± 
EBGAiM'^OB^Bfil OAtmmfal 0 3©g 
#«5#©WBH**U 06 Kl«\ «?SPffil0 4©± 

EffiABBB 10 4 14:. £B?ttffl l 0 4 tfg«£ti 

smssiis i o 3£m$htzmm®&m 1031 

fcilffflWlO 4 2Rtf*'J-A4 i ffll 0 3 2ICT 

-2>¥ea 1 0 3 2*^£LT^*i§£tf*sn, astc 

tt¥EB*-;V 1 0 4 2 * 'J -L^H 1 0 3 2 fctfftft 50 
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SftTVS. ±atfc«S»^*«llIl 0 1 fcTXB 

It, ¥ffl#-;l> 1 0 4 2©JS295# 1 0 3 3©WSff± 
EJiao«^fcJt^Tfi<aO, X, B8©±E*-7 
¥ffl#-/H 0 4 2©+&ttifi"C© 

»SB l 2 Hi, ±E£i3&ftBS 10 4 1 fc±E»B 
BftftBSi o 3 l fc©±ESte8P£fc*ttSB*«± 

emowfticxt5«iuR u ±E^p n p©±i^oi?^it 

So 

[0018] clt\ ±&%im.iffltimi : <D*? 

icbXMisbZo EI3fc^-fci:?ft, ±E8PJ&BB 
a ±E»SBft«B« 1 ©±EBfcB#fc 111 UttBlc 
T*0W*tflSa« J ?< SlfflWOfcWCTfcOBR.© 
M£A 1251-1, 1251-2, -*#f 
HI 2 5T*oT*OW**lRlT»*±EX»Oj8a* 
fn] 1 2 5 2fc»ofcB#!b^K:£4!>*r3£J!*tfK 

«n?fc«ft*»ni 25^, ±extt££si 1 1* * 
^7117, RtfHBsaasBi 1 8*ffl^T«H»t 

5o *HfifMT*ti, BifxteAi 2 5»i, ¥ffltf-;H 
0 4 2 i:n-#fl©**»K:TflFH«*iTv^. X, ±IB 
B-ttB£«\ X»©i8ffl*« { RI-T*«ttJl*l^\ 
Aftftic «ttfM^&tt1M#©£Wi©B#tf P-T' 
fe5#K*V^. X, ft^jfeJIl 2 5tt90©aiJ5££l 
2 5 1 - 1-1 2 5 l-9^tT5A^, )P^©S^§iJ 
gjft©»tti:nk:lS3l*ti*fe©T?ttftv^. ±BJHWc 
cfcOlSMiaSBl 1 8fr62SHl«*i*H«l 25 3 
it, El 4 fcjjrTJ: 5 K.1SESB&& 12 5 1-1^612 
5 l-9fclPlltT, \ 2 SO&b&tmtZK. 

iaciatcSiS^ 1251 ctettsft^ife^ i 2 5 
©JSWiWotva©?, 2 5 1 ©JSftTfi* 

2:«M£jA1 2 5 l fc»(St3fi»H«»#fii:©H« 

KStj^r, «w^xiisji%s©/??, mbtmum 
mmmmmiMt%ft?ft<otm\%.& 1251© 

L, El 5 (C^tttRdUl 1 2 5 4 ^fffigf^ u ttf-Pt 
5c C©J:5KbT*St>fc±E*fai8l*6l 2 5 4%a 

-rnHB*»±E* 1 mmmzmtZo x, ^ 1 m. 
wmt, m^m. 1 0 3±tc«^gi5p D p 1 0 4 *^*^n 

0SB 1 2 1 ©±EEBSB 1 2 2 K««iStiT^5i& 
^©tSlft^iili, MEIIKIBCBIBKIE 
1 2 5 ^ffiffl LT±E^ 1 $2iE1tfa^:t#TtS^ 

B«;EBbfctfiAtf 7n 7 kf— r-r Xi'* ©EflWM*:^ 
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Hm, 4»©#B*S*C X, 1KB 

®mz*tm®£&<»&m%mc, ±&tm.w6i 1 2 

[0019] co*atc«a«n*«ssH&tjaE«Bi 
nissns 1 0 3±tc*?»fi 1 04ffa»«ftfc±E« 

t»#l 5 lK8l/CX«*84ffil 1 lfrBXHl 52 

mbrxmi/yns-z 1 1 5*»6ajw*n*^ra3ie 10 

ZJjtv 1 1 7KT«*t5. 1 1 7 1 ra»* 

ttfcx«g8Bftttatt»88iii 1 scasmsftaf* 
ffia^frt>n, ffi9&©B#& »g» 1 2 1 

Jti5o SiJSSgSl 2 Ui v IfBUl&IEIifgfc, ±E 

mmm 1 5 1 ©rt, i$K:±E»si5#©&*iftffl 
*£j*u f2if£&if$Bfc±fS& n D Q©)f&©JP# 

[0 0 2 0] ±.ftltc& 7 fc, ±ES 1 «iEfll«*ffiffl 20 
?5CfcT% l»lffi?fc5±E«»»# 1 5 HCO^ 
T, HSSSffi 1 0 ZmnmSx 1 0 4 ©JV»£AIC» 

[0 0 2 1 ] $ 1 ; ±»Lfc«8SS*&gSM l 
0 io«»«lkLTtt"P©«jaft«*ci:fe**. * 
$3&WTQ\ts ±E**7l 1 7£fUT, 09£*-fB 
«HH8©**5 l l 7 lSffiffl-f*. X»*ffli^fc# 
®Jgft«T-i4, *S«»lcA«tfcx*©ilttk**« 
**jMLfc*©X«gi«©H«tt, I = Ioexp(-jt 30 
x) , KT*Stl*. CCT\ IttSlXftO&lfc I 

o«AWxs©m M**x«*<aaLfc««©(Ritiffi 

BflWfll!©**? 1 1 7 Hi, gB$|IBB3ttnraifc5'+ 

•y*-««i 1 7 2 k, &m»%wffit&t* mmm 
mmcmtzmmtv 1 1 7 3k4#u 
i©jt#^i5gp^, t^itsfcxaaaitf'jMw^i 

[0 0 2 2] xa*»f-U-*l 1 5tt, SfflLfcXtt 40 

©3SS^tb^JtT^t5©-^ ra-©***ff, its 

£vmcxmmmm®<D±mmim&kMmm<D 

5 0 ft, d©Hl 0fc*rJ:$ttHft$M£?*2:tK 
t>, ±$L7cffcj^iJ|l 2 5%ffifflt«Cfc^-ef 5. 

01 ucii, fl*tfxt8»£8i i ifr<bmzti 

5X^1 5 2©»S*3fU ttfc»tS*fcl#fc6 
ftTi^*. ll-©$flB<§»&«<fc?i:l>f;:i:t, 3 50 
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X«l 5 2©*fijW»t)3S^«^ (^771 

6i), ±£BfMffl$ntfst>£<* *»c±E«fi^ 
4>iga©«^ OT7 1 6 2) jiEiUCA 1 

«fefi^8S©»& (^77 1 6 3) *C«tS<ft5. 

[o o 2 3] 0 1 4-0 1 8mmLx, mmemn 

01 4~0l 714, ±E8fc»#©rt©-o©*#fcfc 
#3, ±EHftffllSeli 1 1 8*»5asaj?hfc±E»a 

mttvu ±sa«*at»K«at*H»i 6 4t, 

±K8£$#©J32SI5#©B1£ 1 6 5 k, WZEy-Ol 
6 6fc*^l/tV*5. X, 01 4(4, ±EB®*SIRff§ 
1 #©$£©B£!Tfc 0 , 0 1 5 (4 4 f3>©i§£T*& 

0, 01 6«8»©#&-C&»>, 01 7(41 6»©«£ 
©iS#T-£-5„ 01 8© (a) - (d) «, 01 4-0 
1 TD&mfev^yi 6 6fc#fSl/CJ3D, 
yKtelt5®fi^t^7 7T'*f3, 01 8© (a) - 

(d) KfcttSHtito, ilJS^yi 6 6KJS-3feS« 

1, JWt^KttH*»**l/TfcD, NGMliMEft * 
#ttfctt**SBBll!rtftt0~2 5 5*||**LT^*. 

[ 0 0 2 4 ] 0 1 4 K &tt«HMHIl$ Bff l #©!£ 
Ti4, HjM^M^-rffiAK^KHflbWf < , 
01 8© (a) K*T<fc?£> »£85#©H« 1 -6 4 
*©«aSP^©H« 1 6 5 fcOftHATOttcaffiUTtfc 
K 01 5fcfctt5B«a^lHtf4t>©#&TtK 0 
18(b) tcaVf «fc?C±EB« 1 6 4 fc±EB$ l 6 
5i©3>h7XH4+#T£l/\, 01 6fc*5tt3H« 
tfflB^tf 8 #©}§£, 018 (c) lC^t«fc?K±E 
Bfitl 6 5©±E#»WWMW**5 l l 7 1©*V 
1 5 -v * by>"©S*ffltlUT, ±EHft l 6 4 i:± 
EHftl 6 5i:©3>hvXh^«*t§0, ±E»^ 

B#t«r»^±EffiWB«S^*^7l 
1 7 l©^Vt5 7^by^©l^ffitlt?.iT'©Bt 

T\ »IC01 8© (c) (Cifi^lJtlMtt'ig^li 
5ci:^pl^i:*«. 01 7 tfett*Hfl«««F 
H««l 6#©1^, 018 (d) tew1"*5KJJBB» 
1 6 50iIWII8SA , A)t7 117 1 ©^7" 5 
>y^byv?©«^ffi^gx.TLS?<:t6>P., ±E«* 
»»©H«1 6 4©**«*<*IRJ:t)/h«<40, ±E 
^^©jEH^^W^T'f * < £5o 
[0 0 2 5] ^©.fc^^B^SaS©*^^! 17 14 

±fBB^fflB#F^ft^i)ft(4, mMMUcHtm 
*««FH4*«>*«lftT*5. Of^, 01 2KSt* 
Xf y 7 (0rtT'(4 TSJ iCT*t) 1 Ti4, ft 
4»^»©, tt?g|5p D p 1 0 4 4SSLrc[HlKSt5 1 0 3 

^mmmm^mm^-t-y v u \ 5 
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7 7"2T*«, *^7l 1 7 l<Di/*y*-1fiffi\ 1 7 2 

£51U-7-l 1 6fcftbT8*&Sft*X«affi»l*© 
t«*BB&t5. Xt773~Xt775£T\ fluJOS 

til 2 niH^asBi 1 

•Jjgto cet, nyh^xhtflt^CftStfi, x$! 

ftrtt osoafcfcabfcfcjSfcTayh^xhjWi 
*fcftofcfc©i:«(r*3. tt, ±E3Vh5^h*<« 
*fcftofc*Wri: bm ±EXIiaftHI»rto»feiB 

i©T-«:&< , «*tf±E«feW*^»^±E 

T*tS. X, ±EJIM!*^*#i:tt, W!bfc±EX 

tmmmvmmz^wmz^o ±ehi 4-0 

jjSiTlEXftaiiHfllirtoafeWavMS^W:, H14K 20 
S1"±EH» 1 6 5fc»JBT*. *oT, 8Hft 1 6 5 
^±Efi»H«»fi©«*«K:ai bfcBMTCfcSH 1 

6 n§ ttA K T 3 > h 7 X h ft t O 

£ftfcft5l£, MSil 2 Hi, Xr7 76£T±E 
XJSl 5 2©j$B*f?±U XryT^fcTXttaHH 
•QVMHttfr 5 3 > h 7 X h fcfcfcft* $ -PCB b 

[0 0 2 6] ±Ett3SttttT?tt, ±EH«*«$imi*ffi 
»fftTffl^fettlEW*»fcra^b<ttWS«0, * 30 

^wfi i o 4 zmLkmm 1 o 3mwu&& 

lK»tTX«a<feSll 1 1^6X«*BR«t*. Xt 

7 79Tii, *^7l 1 7 lO^y^-Wil 1 7 2 
ICT^-V X»-»f-U-*l.l 5*^618 
£5>ft55-l 1 6*frbT(RI&SftSXi*a«WI© 

1 1 7 3^0*«*IJII!i&"r*o Xf7 
7l OT'tt, MMEBl 2 ltt, *)<7l 1 7 lKftb 

1 1 sfrz&mftm^mt&zgtf. zrvfi 2T-x 

fiOSRWfcifctfS. ^LT»g*l 2 114, Xf'? 
71 3m ±$Lfc<fc^c^J6fg$LT^3±E£p D p 
J?*1Bffifc±EJ!HISfa«fcOlttt*fT5 ct-e&ss 

[0 0 2 7] WJJfflLfcJ:3lc*£»WE*fttf, @ 

5 1 1 7 l©if**5v*l/>5> 

miko cntj:*), *n«tt©#*»» so 
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i: ©3 y h 5 X h tf«*fcft 0 ±E*S»£<0lMWett 

[0028] m 2mm ; x, ±$©<k 3 

Dlilft*^7l 1 7 JMT©J:5 
4SagW*«jS-r5ili:fet5. BPS, H-ottS* 
ft, «OE«»*fi:T±EB««««plH*gft«*5c:i: 

•e^ens, ±ehi oc^t^a^ nmc&'onrc 

*«ilc, SHrK©JP$«tKnicVoT, Mil 
**mtf 5 0 icmti ST'©, S§iIMJ©/¥S till 

5o fflffSB l 2 l ©±EE« SB l 2 2 fc, ±E» l 
SlElifSEfUT, Xtt±E»l«jEUHHfci:fetc, ± 
3©HttVMl$M £ a&ftJt©)* £ ©B8«** b fe» 

fc*©±Efi»H«il*ffitt±iE©5 0KHS«n*fc 

©-m*<, BMmnA*&ajmii©Jv^««6« 

©tc, S^WfcfcJSUTaiWfcfcSttaifflrcsSfctt 
*5?5flT'£tttf<£i/\ ft, ±E«2ttiEflMi*#*ft 

0JAtf±E»*?&M 1 2 5 C fcfer* 

So 1 2 5©ft»l&S 12 5 1 fCO^ 

T, SSJit^l 2 5 l©/P*{4Bt*nT»fe5A»6, 3tS© 
IS^©iJ£^ 12 5 1 (c«(t«±BittWMttfffl t M 
5 0K?ijjfr5*T©«Fiffl**i65<:fc-e, ±ES 

ZtKEflBB^SCfc^TtS. il©cfc5&!fS2$IE1f 

«*«fflt«c^T, Hwm 2 ®mmm 
1 1 8^6iitt&**isfta»ii«rt©ffi*©*««aEb 

fc^ttHftoi^T, ±Effl»ffl«iMW0!l*.tf 5 otcl 

Kfew*±E®iwii«rt©±Ett*©»tttaEamt 

[0 0 2 9] JJB»2«jE1«B*«ffltfc«^K*»J 

s , jdHaaa^ofigwjaftfcttH 2.0 tst»ff t 

T*fif«tl«. Xt 7 7 2 1 T'{4, «?gi3p n p 1 0 4^g 

»t/c[Hiss»« 1 0 3m&wffi£#&&MKto\z 

K Itmmftl 5 1KWUTX«384S1 1 1*^5 
X»*!S«t* 0 Xr-y72 2m A^711710 
^+*y*-aWll 1 7 2tT'>+«y^-*BBt, X»i/ 
1 1 5<p&38-a:&n5 7-l 1 6£ftLTffi 

t&«nsx«i8aH<»©*ii*M*&-r5fc^Kx xf 

7^2 3T147J/7 117 1 ©Hft^tU I 1 7 3^© 

ffl«sap$ia©»)£*iBji6i-5. 

[0 0 3 0] *tC, Xr-y72 4-XT772 6(CT, 
XSlWt©H#t»i;, RXKBSiiHttrtKfe^T 
»Si«£«fiv^^tt*©ff«tjaElBBft!:feW*±Effl 

s*»©*js*ii o at. ±Efi»a«aaw±ERS« 
tsuabfeftsif, tijflisai 2 n4, xf 77271c 
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x xffi&m®<Dn9m%ifr e»±EiS£B2Ji£ x<om 
«#»nsiffl*ffl£ u xf 7 x 2 8 k t x m<om*<& 

jtt*. &J0SB1 2 Hi, 3.T7X2 9lCT\ 
Xr7X2 7KT#*6fe±EB«afflWpBI*7cK, ±E 
B2tffiflH8^fflbT±BBS4fcSBBrfcfett*S2 
%*J65o *LTXt7X3 0H:T, MWtBl 2 1 
±EffSttSfii?TK:*5tt5S2i:* TOEtigBl 

[00 3 l] W±BW3tftJ:5fc«»WKJ:fttf. x 

[0 0 3 2] B3mm : S5ICJJBBIPBB1 2 1 

£»£0±E*#*#«>fctf, #0JT'Ji, ±Eft9ffB 
^TtfcElKSffil 0 3(Cg«$nTl/^«^p a pl 0 

fx @B5«gl0 3£«<aS*Xfe±E««»(*:ffl!l«S© 
NCBfl-f-*^ BB»R1 0 3C»*«tlT^*2 

**fr&IM»»B 1 2 1 OEttBB 1 2 

<« W, ±ENCft»r-*fctt, ifCgPiSMSgSffi 

Elt3lff8?&SNCXo^A|tyC#i,n3, ±E 

»^ttB«s*«iEv-*©£«T-*-e£9, flu 

if SKW^^SSK 1 0 1 KKgSftfcBffl^Kfc 

3. ^mmm^mmm 1 0 it, 1 0 4g 
»Sfo@i8S«io3tfiBA*nfc», ±$<Dxn,}i{g 

(cJcDBfiMOJI&Bi 1 8*»6fl6ti*jMWMMcl 
•3f±E200«iEv-^©ttB%B«L, ±EBXK 
£3X, YSlRlRfflsUKSlqlOffiBXH****. « 
£lc, 3KffiBXUBfr5@BSfil 0 3©±E*£B 
#B«iCfe»5±EN CBBr-*£«iEU BiEB 
©±EtS»MWS©ffiiE N C JSBr - * , ±E» 
l«BB*6**fcB?»ft 1 0 A<0®&Wm<o%:® 

[0 0 3 3] 1 , 2 2*#BRLT±EBftffi 

BXl/0<tt*tt*llWt*. B2 1K*^T, Xf-y 
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X4 1 "Ctt, BgttftTfcOB^a 1 0 4g»i£<DlH] 

SgSfc i o 3fltBKWB«4lttttB i o l tciSA^ft 
lESBSW' 1 5 1 fcX»tf!HI*Sh*. 0 1 X 
«, «?$p a a 1 0 4 0£ft*M»l/TXB 1 5 ZAtflitt 
«tlTV^*B*iftoTV^**', HRWKtts XBl 5 
2 0Bltt6HUB?0ft 1 0 4 ©£iBB £ t> £ 
ot, #<0Xf-yX4 2T'&, B2 2K^t*IEv-f 

1 0 3 4M:EHB»WH*8»£tf5fci&, X, Y*fA 
^(D®W}gW 1 3 1 Xtt^KSB 1 3 2 KTHBSB 1 

10 0 3XttXtt«4S 1 1 1 *«•«**. XPST&vl 
4 3 £T\ iSiJtPSB 1 2 1 IflMISi 1 1 8ft»6« 
t&Sti5±Effil!»HBK:S^t«iEv-^ 1 0 3 4<D 
HBOffiB****. WBK» Xr>y X4 4 {ct, BE 
v-^ l 0 3 5^IjL, *f yX4 5fcT»JB8Bl 

2 1 (ilEv-^ i 0 3 50H^©fil%it<465. * 
K, XryX4 6KT, flPJBSBl 2 Hi, fSET-* 
1 0 3 4RtfBE^-^ 1 0 3 5©±EN Cffifr-* 
fcJtEfcKOttB?*- ffiiEv-^ 1 0 3 4K. 
tfSlEv-* 1 0 3 5©ffiBXWi**»» l^&BXlx 

20 tlcg^t, 1 0 3±<D&$g##ffiiJ«I 1 0 

3 6<OffiB*#ft*. Xf7/4 7tCT, 
ft08£W#0ffiB / v8ttU Xr>yX4 8ET, Btt 

ffiast 1 1 8 ftzzft^ticD^fiimn® 1 o 4 3 ©a 

B^H^tSo XVLZrv-fA 9tT, 8PJBSB1 2 1 

& sftfewenoajfiBBB i o 4 3©{iiBT-^ 
zinc TEoft i csrn-xaycas^v^TB^ajfl 1 

0 4 OttB-f tll^^to 5 0 X r 7 y 5 0 T* X «<DBtt 
*ffjhbfc«» 1 KT, MffliJlffi 10 4 3 

fc±E*»B#W«* 1 0 3 6 k^Slf^tWtiSC fcft 
30 <ft^bTV>**»g^OSSW3£*tT3. 

[00 3 4] 

C»l] 





dxi 




n 




dyi 




n 


z 


dxi 


n 



dxi = xki - xni 
dyi = yki - yni 

[0 0 3 5] CCT, dXP: X?3[pOOtt^g|5p a DOfiB 

xu. d y p : \m<Dm^us,(omxum, a e 

P : HlE&iRiOB^BJftOffiBXUB, xki : 

nrctn j pno±E»ft«BSoxjs«, y k i : m 
«nrc*n j t f no±E9fiB«ffi©Y*B» xni 

ti^nolESailSBff © N C JfiBr - ^ K * W 5 X B 
50 fll, yni : * ti^nolEawaBBBON CBBr- 
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*t03tt%Y&®, n T*£5o X> ±EEHE 

^IrI©!? &&©ffiBXb fc ti\ 02 2 fc**9fi*£» 

1 0 4 4 £H]iE4>'L>i: LfcW?g]$p D p 1 0 4<D|HglT'$ 
c»T, ±f3NCffifr-*±©Mil5p a pl 0 4£>ftBK 
WT5^<0«?SPn a n 1 0 4(DfiBfcXU*T*fe5o 

[0 0 3 6] Wl^U/ccta^^WCctn^ It 

fiB-ftim Rxsmttim<D^mt,^m^s> 
i o 4©7j<TOiPi©tB'rmtiHie7?[pioffiB-fni 
t^j65<t9{c«figL/co <toT, m?®&<D%m& 10 

[0 0 3 7] %2mm : ±£M 1 ^»l(CfcW 
3@S££&4SB 1 0 Hi, HEggffi 1 0 3©frffi£ 
tt?$n a pl 0 4^gttfcfe<D^LT^S«f 9SB 
T&So ^2^ffiMlT'(i, 02 3t^td;5 
IxEUcWSg^SSBl 0 lfre>££2S©tt 

i o i a tmrnmsmm 1 o 1 b t 

tov>T, ±fB««^SSBl 0 1 k\tm*). ± 

iB»gfli 2 1 icmtzwmmi 2 1 At, ±ib 
«ffig£«sgB 1 0 1 Btffiito!), issmmm 1 2 20 

iC«S1-5M»Sai 2 1 Bfc£&!i-f£o ^LTH 
1 0 3 ©Wffifc*F»fl 1 0 4 £gtLfcfe©fc 

SSB2 0 1 T'&5„ ^«lf 2 0 Hi, ft 

[0 0 3 8] BPS, «?a5 n a pOjj5ffi||gIg{i:te^T, 
@S8Sfi©-£©ffl£Affi, flSSOffi*Bffiibfcfc 

5htfm$tlT^5<DT\ ±M<D% 1 §»fi©*g8 
£&SSB1 0 HCTlESteStffc^TXlifcffl^ 30 

IB B l(C«?g|5 n n p^llS1- 5 t ±IB A ffifC t m3&& 
tttSCttrb. Xiillil#7«±iBAffitBffl^ 

*©fc«>, ±EAiii©x^lH«*gttKfcK:£fc-&- 

THBfcKeU ±fBBffi©X^l^H»?.HuIBAffi 
<DBMm&%WMt 5 C i: tc * 5 B ffi©#©BB*ffl Hi 
LT«S*5. C©fc#, ±I3A®, Bffi©±EXgljS 
igH^o±IBfflWBt!SJSttlJi ! l%®©)¥^<Dmia 

•ttttt-riCfcttTtftv^. *©£«>. ±EB«©*S 

«^«^E«B-pR3WRt) 1 D t , HBLfc Affifc 

fir 5 tfiftftttSSWcSfiTS. K B BB0lCS6tt 
lESBTtt, ^}«WWEfr6KJWRofcl«I Dfc± 
BAiIi©«ffiStettgSBfrS>i5teftfc±ES«l Dtf 50 
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-at/ctfs BiE©*«S£ttSSBfcTfifcJPSB 

m& &±e Afls©«s«£«gSBK: xntcmtmrn 

[0 0 3 9] MT\ 02 4fcffl^T±E8#8S»mc 

o^tusa**. @sss«i 0 3OAiBE»a?tirc* 
*f"»7e i ict, iiBAffitii^gpa i o 4*£ 

SLfeBKUKl 0 3%*AU Xf7/6 2£TXI8 
£±EBBfl!lfr5SBI<ft5o »af7/6 3ICTW 
SB1 2 1 ABBB&9&B1 1 8fr&Xtti8tlUMO 
7.7^76 4 KTSHJSPgBl 2 1 Ati\ ± 
EX^ffiH«©ffittB«»£fcO^Tgai«!JH©JPS 
©#»H»-e*;£mv5©*, ffSOHStcgftUT 

its t reikis© id qhmimd fc*. mm 

1 0 3©Bffit;:SS^nfctt?g|5 n a p 1 0 4 ©S^as^S 

lttr«liH«ttttl 0 1 Bfcil&fflU 

6 6-pX8JB»&ffib-f5o 7f9^6 7m £it£ 

Wft £ ? jtP©WBf*f?v\ Kff 1" S 1 ttliXf 

•y76 ncS^TXr«y^6 1-6 7^0jif o X, 

±E*ffift£«S£«l 0 1 AK«k5ttSft, 

10 3U, »a^i^«KS«ti, BffiWKtt?gp n D pl 

0 4tf»e«n4. 

[0040]-^, ihissski 0 3<DBmic^mnrc 
«?gpp n p 1 0 4 ©s£s#*tts-rs bs^sist- 

1 A*5±E8 1 js*nai:±Eis« 1 D*mi. m 

Sg^SSBl 0 1 B<D»gBl 2 1 B ©EtISB 
1 2 2tEHtTfc<o ^fc, Xr>y^6.9THi, BE 

fflincfcmms 1 0 4 A^*^nTBsttt?gpp a n 1 o 
Ammnkmmm 1 o 3*w^^*^b i o 
iBtcjiA?n?)„ ztv77 okt, Affiw^5xe 

*«M$n5o $UCZtV77 HCT, i|Pj«l&Bl 2 1 
BttlHMLSgBl 18*^A, BPHIBCaSStlT^ 
3S?g|5p D D 1 0 4©X«SSB#©fitt&%Stt5. Xr 
y77 2T-«, liJUPSBl ziBtt, ±E9HWtB.l 2 

1 AfcHaciKx«2aH«*B2)?*flBfiicfflat 

5»SH»1«afc«»Ufe«, ±E«ffig^«SBl 

0 1 hfrzM&ztifc. mm 1 D^wT^niESSS 

1 0 3©±ESiJS«1B«*KC» oS^JS^cDia, ffi 
^iMigtS^atcbT, MStSCirtcfcUBStcSS 
^nrc«?SI5p a D 1 0 4 ©S^95^©*©ff?1fffi*ffltil 
■f^o ^K, Xx-V^7 3T&, SJffl^Bl 2 1Bli, 

gflp Q p 1 0 4©«^»»**fibfcft, Xr-yy7 4T'X 

IoTXf'yy6 8-7 5%«9ig-r. 
[00 4 1] fit±ffiWLfc*^K*g2HfiBB!lKJ:n 
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tf, Sffi*»ft©Bl^fcfe#*X*»*BB0±R 
*2JMM1Hftb»S, Sffi©**»Lfcft0@BB«fc* 

xnaamoiias i c t 

B«i©@Ba«0BffifcBffifcfc*B*ftfcB?»fl 

[oo4 2] ±$©ig i fttfB2*«HB»m ma 
*tbx> «?»fli o 4<DSBfc^*nfcgp B D DiJS 
a t , ius§s« i o 3 n/cS^«MWS to io 

«^*o* ; JHBaWI±©*^»»*«t**f*i:1'5 c t 
[00 4 3] 

[£«©$**] U±.mUc J: 5 {c#^©il l £$© 
Bi»£B«ft*., tS«fttttm a pt©g»g|5#©X 

eiiT-±i5Si«Eiffs^ msMWtvm&tom 20 

[0 0 4 4] X, *BW©»2BB©B*B*»BteJ: 

x MiiHmommtmicft %n snww&ftfcsi 30 
Etas,, £o-c, ±ia»£a#©»*ws#©«s«fi 

[0 0 4 5] X, 3 M*©*att*BBfc* 

inf. ms^<Da«Mffl{ci?gi3p n p*^f 

«»K*tt4X«ia«HOJB2JP«iII«!r»6. ±EB 
«x«a«B«©»i ±E 40 

xB»B*^T±E*8»{*©»ffifc3feBStifc«* 

So 

[0ffi©$P&M 

[0 1 ] *m<o% 1 3ftwe«t*t**«i«d«t 
[02] 01 c*t«a*aaawfcT»*«*ft 
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[03] B2K^t«S»JIO*HBBI"P**. 
[04] H2fcw"r«i»***»llK:TftS»Jlft 
»»Lfcfc*©X»aSaB»*jjV*"BT&S. 
[05] Hlfcw**S»tett*8«KTf&aLfcS 

[06] BBSfifcB^afcCSteB^rfc-sTfi 
p'pO^-a-^^tSrffiBT'fe 5o 
[07] BSSS&ttmSt ©&£$#-?& 

[08] HB«Sfc« ; F»fii:0«6»»'Pft-3TS 
«^A«D»*«^rWiiWT**. 
[09] 01 fcw*«S*£tt4»BfcBfe* * ^ 5 

[010] B9fc*T**5KTHfHHI«tB£gflS 

©Bfl*jR*?57"Pfc*. 
[0ii] SgftttwW&fcgffcStffc^Efc^T, 

mmmm t t ©H$£*-f 7 

[012] B9te*1"*y5*BBl/CBB*fT$* 
aT*oTBi«^B©RJHWM&fT5 t£©»ft* 
^t70-^-v-hT'fe5o 

[013] H9K^f*^7*ffifflbTJS«*fT5S 
£T-£ o TlS£ bfcB«B«Wf BE TS»*frt 

[014] H9fc^t**7fcteffiLTaH*fcfJ3* 
£T'$> t» TfflBSBBtBtf^E b T V> S ttB©Ii»£* 
t0T-S5o 

[015] B9K^rA^7%ffifflbTa«l*tT5« 
fcT*oTB«BBWBj!WIbTV^**^BB*w 
■fBTNfcSo 

[016] H9Kal-r*^7*ffifflbTa«*ha« 

[017] B9fc****7*ffifflbTiMME:fT3« 
dTfe-aTBBBBWBjWBl LT^*ttB®BB*w 
■f0T*£3 o 

[0 1 8] (a) li0 1 4tS1H367^>fc}&ofe 
ffigtlfgt©ra&£*-f?77T'i&D, (b)ttBi 
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